Let G = (V (G), E(G)) be a connected graph. A subset S of V (G) is a total dominating set of G if every vertex of G is adjacent to some vertex in S.
Introduction
Let G = (V (G), E(G)) be a simple connected graph. The neighborhood of v ∈ V (G) is the set N G (v) = {x ∈ V (G) : xv ∈ E(G)}. The set N G [u] = N G (u) ∪ {u}. A connected graph G of order n ≥ 3 is point distinguishing if for any two distinct vertices u and v of G, N G [u] = N G [v] .
A
set S ⊆ V (G) is a dominating set of G if for every v ∈ V (G)\S, there exists u ∈ S such that uv ∈ E(G), that is, N G [S] = V (G). The domination number of G, denoted by γ(G), is the smallest cardinality of a dominating set of G. Any dominating set in G of cardinality γ(G) is referred to as a γ-set of G. A subset S of V (G) is a total dominating set in G if for every v ∈ V (G), there exists x ∈ S such that xv ∈ E(G). It is a differentiating set in G if N G [u] ∩ S = N G [v] ∩ S for every two distinct vertices u and v of V (G).
A differentiating subset S of V (G) which is also a dominating (resp. total dominating) set is called a differentiating dominating (resp. differentiating total dominating set (DTDS) )set in a connected graph G. The minimum cardinality of a differentiating dominating (resp. differentiating total dominating) set in G, denoted by γ D (G) (resp. γ DT (G)) is called the differentiating domination (resp. differentiating total domination) number of G. Any DTDS of cardinality γ DT (G) is referred to as a γ DT -set of G.
Suppose that there exist (distinct) adjacent vertices u and v such that N G [u] = N G [v] . Then N G [u] ∩ S = N G [v] ∩ S for any subset S of V (G). This implies that G cannot have a differentiating set. Thus, unless otherwise stated, throughout this paper all graphs considered are point distinguishing graphs.
Realization Problem
We begin this section by considering a remark. Let the path P a =[z 1 , z 2 , ..., z a ] and let H 1 be the graph obtained from P a by adding the vertices x i and edges x i z i for i = 1, 2, ..., a (see Figure 1) . Then, the set {z i : i = 1, 2, ..., a} is a γ-set, γ D -set, and γ DT -set of H 1 • (see Figure 3) . The set A = {x i : i = 1, 2, ..., a} is a γ-set and γ D -set of H 3 , the set B = A ∪ {q r : r = 1, 2, .. •
Remark 2.1 For any connected graph G, γ(G) ≤ γ D (G) ≤ γ DT (G).

Remark 2.2 For any connected graph G, γ(G) ≤ γ LT (G) ≤ γ DT (G).
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(ii) For each x ∈ V (G), T x is a differentiating set in H or there exists u ∈ N G (x) such that p ∈ T u or q ∈ T u whenever p, q ∈ V (H), p = q and
(iii) For each pair of distinct vertices x and y of G,
T w ) for all p ∈ V (H) Proof : Suppose C is a differentiating total dominating set in G H. Let x ∈ V (G). If p ∈ T x , then (x, p) ∈ C. Since C is total dominating, there exists (z, q) ∈ C such that (x, p)(z, q) ∈ E(G H). Thus, either xz ∈ E(G) and p = q or x = z and pq ∈ E(H). Hence, z ∈ N G (x) and (z, p) ∈ C or p ∈ N H (T x ).
Since C is total dominating, there exists (z, c) ∈ C such that (x, p)(z, c) ∈ E(G H). Thus, x = z or p = c. If x = z, then pc ∈ E(H). This is a contradiction since p / ∈ N H [T x ]. Hence, p = c and xz ∈ E(G). Thus, p ∈ T z for some z ∈ N G (x). Therefore, (i) holds.
Next, let x ∈ V (G). If T x is differentiating, then we are done. Suppose that T x is not differentiating. . Hence, T x ∪ T y is a total dominating set of H. Therefore (iii) holds. Let x and y be distinct adjacent vertices in G and let p and q be distinct adjacent vertices in H such that p / ∈ T x and q / ∈ T y . Since C is differentiating, (iv) holds.
For the converse, assume that (i), (ii), (iii) and (iv) hold. Let (x, p) ∈ V (G H). 
